Ataxin-2 (human gene symbol ATXN2, protein ATXN2) is the disease protein of 9 Spinocerebellar Ataxia type 2 (SCA2). The large expansions of a polyglutamine (polyQ) stretch 10 above a threshold of ~33 glutamines cause the multi-system nervous atrophy SCA2, while 11 intermediate expansions of 29-32 glutamines contribute to the risk of the motor neuron diseases 12 Amyotrophic Lateral Sclerosis (ALS) and Fronto-Temporal Lobar Dementia (FTLD). To elucidate 13 the cellular function of ATXN2, we further characterized its direct interaction with alpha-Actinin-1 14 (symbol ACTN1), which had been observed in high-throughput yeast-two-hybrid surveys. An 15 endogenous complex of ATXN2 and ACTN1 proteins was detected by co-immunoprecipitation. In 16 vitro GST-tag pull-down experiments showed that the Calponin-Homology-domain at the 17 N-terminus of ACTN1 binds to the N-terminus of ATXN2. Although an impact of the polyQ 18 expansion on the interaction was not evident in pull-down experiments, a recent characterization 19 of aged Atxn2-CAG100-KnockIn mice provides evidence. Both proteins associated in the cytosol 20 and at the plasma membrane, as determined by sedimentation experiments in mouse brain, and by 21 immunofluorescence microscopy of a transfected monkey cell line and of rat primary hippocampal 22 neurons. In view of the roles of ACTN1 for spine plasticity and postsynaptic receptor control via 23 reassembly of cortical actin, our data help to explain the impaired dendrite maintenance in SCA2.
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To determine the region on ACTN1 that mediates the interaction with ATXN2, we used 
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In order to substantiate the biochemical findings, the subcellular localization of both proteins 251 was examined further. Again with the recombinant constructs already used during 252 co-immunoprecipitation experiments (Figure 1 ), ATXN2 and ACTN1 were overexpressed in COS-7 253 cells. Both proteins showed a largely cytoplasmic and membranous distribution, with overlap in both regions. There was no apparent difference between the co-localisation of normal ATXN2 (22Q) results, rat hippocampal primary neurons were stained. Indeed, a co-localisation in the cytosol could 258 be observed ( Figure 6B ). These data support the biochemical findings and corroborate the 259 physiological existence of a ATXN2 / ACTN1 complex. 
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interaction, and corroborated the coexistence of the endogenous proteins by differential So far, interactions and associations of ATXN2 to various proteins suggested two major 281 roles for ATXN2 in cell physiology. On the one hand they included a quality control function 282 for RNAs [74, 76, [80] [81] [82] , on the other hand an inhibition of the RTK endocytosis process [82], in 283 particular during cell stress. We now present data that support previous findings in D.
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melanogaster regarding the impact of ATXN2 on the actin-cytoskeleton [79] . The loss-of-function 285 of Datx2, the single fly homolog of mammalian ATXN2 and ATXN2L, resulted in severe 286 phenotypic consequences. Datx2 was found to be a dosage-sensitive regulator of actin filaments, 287 affecting fly bristle formation and actin in eye-discs, in absence of a direct actin-interaction.
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Actin synthesis and abundance was not altered. Thus, the interaction of ATXN2 with ACTN1 289 may partially explain how cortical actin in growth processes is affected by mutations in 290 Ataxin-2.
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Our data also expand on a previous report that ATXN2 as well as Huntingtin interact 292 directly with endophilin A1/A3 (SH3GL2/SH3GL3) and co-immunoprecipitates also with 
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Although the identification of a specific domain that mediates the association between 305 L-/T-Plastin and ATXN2 has not been possible, our data suggest that the actin-binding-domain Figure 7 . Alpha-Actinin-1 and T-/L-Plastin share the actin-binding-domain with two CH motifs, as well as the Ca 2+ binding domain (CaM) with two EF-hand motifs, but differ in the order and number growth factor receptor tyrosine kinases (RTK). This interactions modulates growth/stress 316 signalling via phosphorylation cascades, probably including the mTORC1 complex that 317 controls cell size [56, 72, 73, [124] [125] [126] [127] [128] [129] . ATXN2 may therefore control such plasma membrane 318 uptake events at two sites, on the one hand for ultrafast clathrin-independent endocytosis 
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Automated bioinformatics analyses revealed significant enrichments mainly for the pathway pathway "Insulin signaling", pathway "Focal adhesion-Pi3k-Akt-mTOR-signals", pathway 
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The most prominent pathology of SCA2 appears as progressive rarefication in the dendritic 355 trees of the large cerebellar Purkinje neurons [23, 139] , whose main afferents are glutamatergic from 356 the local granule neurons. In addition, the SCA2 disease process is quite similar to ALS in affecting 357 spinal motor neurons and their glutamatergic monosynaptic input from cortical motor neurons trophic state of postsynaptic spines. It is therefore noteworthy that the subunit GluR4 of the glutamatergic AMPA receptor interacts directly with ACTN1 and is regulated in a phosphorylation the nervous system for synaptic plasticity and spine morphology [147, 148] via regulation of the 366 NMDA receptor [149, 150] . Alpha-actinin-4 was shown to be crucial when the activation of growth 367 factor receptor tyrosine kinases (RTK) triggers actin-remodelling and macropinocytosis in a 368 calcium-dependent process called circular ruffling [112, [151] [152] [153] [154] .
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The role of alpha-actinins in other neurodegenerative diseases has already been It is interesting to note that alpha-actinin dysfunction also has an impact on the trophic state of 379 muscle tissue after immobilization and denervation [159] , given that SCA2 patients early on 380 suffer from muscle cramps and preterminally suffer from massive muscle atrophy. 
